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Information is notably lacking in dermatologic literature re-
garding nail lacquers and the nature of their components. This
is difficult to reconcile with the widespread use of nail lacquers,
despite their relative newness. One reason for this, it must be
assumed, is the difficulty in obtaining exact knowledge of manu-
facturing processes involved in the preparation of nail lacquers
which are as a rule guarded trade secrets. Random statements
in the literature seem to suggest that nail lacquers are possible
causative agents for various types of eruptions. However, there
is to our knowledge only one American report of a case of derma-
titis proven to be due to hypersensitivity to an ingredient of a
nail lacquer.2
This series of investigations will include various studies of the
nails. The present contribution presents a study of nail lacquers
by means of patch tests and animal experiments in the hope that
the results obtained would supply the needed information re-
garding some of their potential effects.
NATURE OF NAIL LACQUERS
Nail lacquers are prepared from nitrocellulose of varying viscosity in order to
obtain the proper body in solution. Resins are incorporated in the nitrocellulose
to improve the film structure. Plasticizers are added to keep the film pliable and
prevent chipping.
The resins used vary widely in composition. They range from simple ester
'From the Department of Dermatology of Mount Sinai Hospital.
2 Sulzberger, Marion B.: Hypersensitivity due to nail polish. Archives of
Dermat. and Syph., 36:460, 1937.
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gums to complex condensation products of resin acids with various chemical
groups. The latter yield products of varying plasticity and solubility.
The plasticizers used are generally castor oil, camphor, dibutylphthalate or
tartrate, and other high boiling materials. They remain in the film and afford
a mutual solvent medium for the nitrated cotton and the resin. They provide
continuous films of uniform structure and high gloss which will be deposited on
the nail surface upon the evaporation of the solvent.
Pigments and dyes are added to yield the proper shades of lacquer.
The solvents employed cover a considerable range of compounds from alcohols,
esters and ketones to hydrocarbons and ethers. Of the alcohols, methyl, ethyl
and butyl alcohol are used. The butyl alcohol is more frequently used because
of its good wetting action on the cellulose nitrate. Of the esters, ethyl and butyl
acetate are the most important, with amyl acetate now relegated to a place of
secondary importance. Of the hydrocarbons, toluol is generally used as a so-
called non-solvent because it is a good wetting agent for the pigments and dyes.
Of the ethers, ethyl ether is not used, while the newer glycol ethers of the nature
of carbitol and the various cellosolves are generally employed. As a general rule
it may be said that the solvents are selected to yield a mixture whose evaporation
rate is regulated by their boiling points and vapor pressures.
A study of several standard brands of nail lacquers on the market show con-
siderable variation in the content of total solids. Some give an average of 25.4
per cent while others yield an average as low as 21.6 per cent. The experimental
error in these determinations is necessarily high because of the nature of the
residue and its composition. For example, some of the residues contain camphor
which continues to volatilize so that no definite constant weight can be achieved
as an end point.
Coloring agents
The coloring agents employed in nail lacquers vary, of course, widely. For
the purposes of this study, coloring matters were obtained which yielded on
proper compounding 26 shades of lacquer similar to the more popular shades
offered for sale. Brilliant green dye was purposefully included among the color-
ing matters as a standard of comparison on toxicity.
The dyes (D) used in this study are as follows :
D-1. Index 44. Maximum amount of dry pigment in 1 gallon 0.049 ounces.
P-Nitro-benzene-azo-B naphthol (Para red-Dk)
The Color Index, London, 1926.
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D-2. Index 189. Lithol Red. Maximum amount 0.840 ounces.
SO3H OH
1-Sulpho-B-naphthalene-azo-B-naphthol




D-4. Index 163. Rubine. Maximum amount 0.550 ounces.
SO8Na OH COOH
H8CJ3—N=N—8
Sodium salt of O-sulpho-P-toluene-azo-B-hydroxynaphthoic acid
D-5. No index number. Ochre earth. Maximum amount 0.440 ounces.
D-6. No index number. Siena brown. Maximum amount 0.142 ounces.
D-7. No index number. Iron oxide pigment. Maximum amount 0.100
ounces.
D-8. A composite green color containing Index 185. Thioflavine. Maxi-
mum amount 0.038 ounces.
Cl CH3
Chloro-methyl derivative of di-methyl dehydro-thio-P-toluidine and
Index 662. Crystal Green (Brilliant Green)
Sulphate of tetra ethyl diamino triphenyl carbinol anhydride
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D-9. Index 1036. Alizarine Acid Red. Maximum amount 0.137 ounces.
XI IX
SO8Na CO
A mixture of the sodium salts of 1:2 Dihydroxy anthraquinone-5 suiphonic
acid and 8-suiphonic acid (X)
D-10. A composite red color composed of Index 61.





D-l1. A composite Red made up of Index S 81 and 258 (see above) and
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D-12. Index 749. Rhodamine B. Maximum amount 0.007 ounces.
2(C2Ho)NJ,O—4JN(c2H5)2CL
Hydrochloride of diethyl-M-amino-pbenol-phthalein
D-13. Index 2.58. Oil Red (see above). Maximum amount 0.318 ounces.
D-14. Index '24 (see above). Maximum amount 0.0043 ounces.
D-15. Index 677. Magenta (Rosaniline and P. Rosaniline Mixture).




D-16. No Index number. Manufacturer would not supply index number.
Maximum amount 0.001 ounces.
D-17. Titaninium dioxide pigment. Maximum amount 0.795 ounces.
PERORAL TOXICOLOGICAL STUDY OF NAIL LACQUERS
The object of these experiments was to determine the toxicity
of nail lacquers upon ingestion.
For this purpose a composite nail lacquer was made to simplify the feeding
experiments by using one lacquer instead of the 26 shades of lacquers prepared
from the dyes listed above. The amounts used in the composite lacquer are
listed beside each color. The finished lacquer contained 3.597 ounces of dry pig-
meats in each gallon.
Brilliant green (BG) was selected as a control in both pure form and in lacquer
because of its alleged toxicity. The brilliant green lacquer was prepared by
incorporating the maximum amount of D-8 in a clear lacquer. Since this dye is
a mixture of brilliant green and thioflavine in proportion of 2.5:10 the brilliant
green dye content equaled 70 per cent. The calculated amount of 0.79380 gram
brilliant green crystals was added to 1 gallon of transparent lacquer.
Healthy, young albino rats, weighing approximately 80 grams, were used in
the experiments. They were divided by sex and litter into four groups of six each
and housed in individual screen-bottom cages. The diets and water were sup-
plied ad libitum.
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TABLE 1
Results of patch tests with nail lacquers and their components
NUMBER OF RE.4.CTIONS IN 62 PER CENT OF TESTS WHICH GAVE
MATERIAL
1+ 2+ or more 1+ 2+ or more
Transparent lacquerTL1 0 0 0 0 0 0
TL2 0 0 0 0 0 0
TL3 0 0 0 0 0 0
TL4 0 0 0 0 0 0
TL5 0 0 0 0 0 0
TL6 1 0 0 1.61 0 0
TL7 0 0 0 0 0 0
TL8 0 0 0 0 0 0
TL9 1 0 0 1.61 0 0
TL1O 1 0 0 1.61 0 0
TL11 0 0 0 0 0 0
TL12 0 0 0 0 0 0
TL13 1 0 0 1.61 0 0
TL14 0 0 0 0 0 0
TL15 0 0 0 0 0 0
TL16 0 0 0 0 0 0
TL17 0 0 0 0 0 0
TL18 0 0 0 0 0 0
Colored lacquer
CL1 0 0 0 0 0 0
CL2 0 0 0 0 0 0
CL3 0 0 0 0 0 0
CL4 0 0 0 0 0 0
CL5 0 0 0 0 0 0
CL6 0 0 0 0 0 0
CL7 0 0 0 0 0 0
CL8 0 0 0 0 0 0
CL9 0 0 0 0 0 0
CL1O 0 0 0 0 0 0
CLII 0 0 0 0 0 0
CL12 0 0 0 0 0 0
CL13 0 0 0 0 0 0
CL14 0 0 0 0 0 0
CL15 0 0 0 0 0 0
CL16 0 0 0 0 0 0
CL17 0 0 0 0 0 0
0, no reaction; d, mild reaction; 1+, marked erythema; 2+ or more, vesicular
or papular reaction or marked vesiculation.
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TABLE 1—Continued
NUMBER OF REACTIONS IN 62 PER CENT OF TESTS WHICH GAVE
MATERIAL
1+ 2+ or more 1+ 2+ or more
Colored lacquer—
Continued
CL18 0 0 0 0 0 0
CL19 0 0 0 0 0 0
CL2O 0 0 0 0 0 0
CL21 0 0 0 0 0 0
CL22 0 0 0 0 0 0
CL23 0 0 0 0 0 0
CL24 0 0 0 0 0 0
CL25 0 0 0 0 0 0
CL26 0 0 0 0 0 0
Plasticizer
PL1 0 0 0 0 0 0
PL2 0 0 0 0 0 0
Dyes
D 1 13 2 0 20.96 3.32 0
D 2 11 2 0 17.71 3.32 0
D3 4 2 0 6.44 3.32 0
D 4 8 1 0 12.88 1.61 0
D5 3 0 0 4.83 0 0
D6 0 0 0 0 0 0
D7 1 0 0 1.61 0 0
D 8 2 1 0 3.32 1.61 0
D9 0 0 0 0 0 0
D10 0 0 0 0 0 0
Dli 0 0 0 0 0 0
D12 0 0 0 0 0 0
Di3 0 0 0 0 0 0
D14 2 0 0 3.32 0 0
D 15 1 1 0 1.61 1.61 0
D16 5 0 0 8.5 0 0
D17 3 0 0 4.83 0 0
D18 5 0 0 8.5 0 0
D19 4 0 0 6.44 0 0
D20 3 0 0 4.83 0 0
D21 0 0 0 0 0 0
Solvents
Si 0 0 0 0 0 0
S2 0 0 0 0 0 0
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TABLE 1—Concluded
NUMBER OF REACTIONS IN 62 PER CENT OP TESTS WRICU GAVE
MATERIAL
1+ 2+ or more 1+ 2+ or more
Solvents—ContinuedS3 0 0 0 0 0 0S4 0 0 0 0 0 0S5 0 0 0 0 0 0S6 0 0 0 0 0 0S7 0 0 0 0 0 0S8 0 0 0 0 0 0S9 2 0 0 3.32 0 0
Sb 0 0 0 0 0 0
Sib 1 0 0 1.61 0 0
Removers
Ri 0 0 0 0 0 0
R2 0 0 0 0 0 0
R3 0 0 0 0 0 0
Perfume
Pen 0 0 0 0 0 0
Group A received the basal stock diet which consisted of finely ground Purina
Chow, a commercial stock feed for laboratory animals and especially suited to
rats.
Group B received the same diet into which was incorporated 0.0014 per cent of
brilliant green crystals. The distribution of the brilliant green into this diet
was effected in stages.
Group C received the same basal diet, to 99 parts of which four parts of brilliant
green lacquer were added, thoroughly mixed, and allowed to dry. Brilliant
green lacquer was added to the diet in amounts sufficient to bring the ration up
to the same level. This diet was called "Basal plus 4 per cent Brilliant Green
Lacquer."
Since the lacquer itself contained 0.035 per cent brilliant green and 25 per cent
residue upon evaporation, the final diet contained 1 per cent of lacquer solids and
0.0014 per cent brilliant green in lacquer, corresponding to the amount contained
in the diet fed Group B.
Group D was fed a diet consisting of the basal ration plus the composite
lacquer prepared similarly to the lacquer diet described above. This diet is
described as "Basal plus 4 per cent Composite Lacquer."
The rats were observed at frequent intervals at the beginning of the experi-
ment to determine whether there were any signs of morbidity, rejection of the
diets, inhibition of growth, etc. No such signs were noted. The growth rates,
up to the time the rats reached their starting weights, were not significantly
affected by the change to any of the diets containing dye or lacquer. It was
NAILS AND NAIL CHANGES 369
expected that the slight odor of camphor, which remained in the rations shortly
after evaporation of the lacquer solvents, would cause the rats to reject the food,
but such was not the case. The rats were observed daily and weighed semi-
weekly for a period of 28 days.
DISCUSSION
The results showed that the average gains per week made
during the experimental period were 24.5, 22.9, 22.1 and 21.4
grams for Groups A, B, C and D respectively. During this
period the average food consumption per rat was 10.2, 10.6,
11.2 and 10.6 grams per day. The presence of brilliant green in
either form or of the composite lacquer in the diet caused no
significant diminution in growth nor in food consumption.
The gross appearance of the animals in the experimental groups
was indistinguishable from that of the animals in control Group A.
At this time one animal in each of Groups B, C, and D was
sacrificed for autopsy. Careful post-mortem examination failed
to reveal any abnormalities.
At the end of the experimental period three of the rats in Group
B were p1ced on a short (14-day) post-experimental period during
which they received the basal diet containing 0.007 per cent
brilliant green crystals, or five times as much as they were f or-
merly fed. The rate of gain observed during the post-experi-
mental period was slightly superior in two cases and inferior in
the third. This male rat (no. 221) showed considerable growth
during the experimental period and probably reached the point
at which the rate of growth would naturally diminish. Even
when fed at the level of 0.007 per cent, an amount equivalent to
that which would be present in a diet consisting of 20 per cent
brilliant green lacquer, the dye produced no toxic manifestations.
Following the experimental period three rats in each of Groups
C and D were restored to the basal stock ration. In Group C
two of the rats showed a slightly better rate of growth (of doubt-
ful significance) whereas one showed distinctly inferior growth.
This may be explained, as above, by the fact that it was a male
which had grown rapidly during the experimental period.
In Group D also, one of the male rats, which during the experi-
mental period grew more than any other animal in the group,
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responded with a reduced rate of gain, whereas the remaining two
animals showed somewhat better growth after being placed on
the diet free of composite lacquer.
At the end of the experiments the rats were subjected to post-
mortem examination. No abnormalities were found.
COMMENT
The amounts of brilliant green, solvent-free brilliant green
lacquer, and solvent-free composite lacquer fed in these experi-
ments at the test levels are, relatively speaking, far in excess of
those likely to be accidentally consumed. The findings give no
support to the hypothesis that any of these substances are toxic
when ingested.
SENSITIZATION TESTS IN ANIMALS
Attempts were made to sensitize guinea pigs to the composite
nail lacquer (CNL) and various concentrations of brilliant green.
The materials used in this study were an 0.1 per cent solution of brilliant green
(BG) in sterile saline; an 0.2 per cent solution of BG in sterile saline; a 1 per cent
solution of BG in sterile saline; and 0.2 per cent solution of BG in 50 per cent
alcohol and a composite nail lacquer.
Four groups of guinea pigs were kept on a normal diet and in individual cages.
The animals were inspected daily for cutaneous manifestations or flare-up
reactions.
Group I: A1 received a 1 per cent solution of BG in sterile saline intra-
cutaneously.
A, received an 0.1 per cent solution of BG in sterile saline intracutaneously.
Group II received an 0.2 per cent hydro-alcoholic solution of BG which was
applied topically.
Group III received an 0.2 per cent solution of BG in sterile saline intra-
cutaneously.
Group IV received topical applications of composite nail lacquer (deep red).
DISCUSSION
The tests were made on depilated areas of the flanks. It was
found that following the intradermal injections of BG solutions
necrotic areas were formed at the site of injection accompanied
by an erythema and edema of the surrounding tissue (fig. 1).
After an interval of 14 days daily topical applications of an 0.2
per cent hydro-alcoholic solution of BG were made on the oppo-
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FIG. 1. Photographs showing appenranee of depilated flanks of guinea pigs(No. 104 and 116, respectively) one week after injection with brilliant green.
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site flanks of all guinea pigs that had received the intradermal
injections. This was continued for a period of 8 days during
which daily observations were made. In no case was there a
sign of cutaneous reaction.
Some of the animals were scratched with a sterile needle on
alternate days during the ensuing week and applications were
continued over this area. Even in these cases no characteristic
reactions were noted.
In the experiments of Group II in which the attempt was made
to sensitize by contact, the topical applications were made on
alternate days over a period of three weeks, the same site being
used and the hair closely clipped throughout this period. During
the course of this treatment as well as during a two week post-
experimental observation period, no evidence of sensitization was
noted.
A group of guinea pigs was treated initially with six daily
topical applications of composite nail lacquer. Test applications
of the composite nail lacquer were made after a rest period of one
week at the same sites and continued daily for oiie week. No
evidence of sensitization resulted.
COMMENT
It is, therefore, concluded from these experiments that the test
animals failed to become sensitized to either intradermal or
topical applications of BG or to topical applications of nail
lacquer.
PATCH TESTS IN MAN
These studies were conducted with the dyes, solvents, and
nail lacquers by means of patch tests. The tests were performed
on normal individuals and patients suffering from various
skin eruptions. A total of 5084 tests were performed on 62
patients.
In performing the patch tests the volar surfaces of the forearms were as a rule
selected. For a large series of tests at one sitting the back was chosen. In
other instances the wrists or the V of the neck were selected as test sites. In a
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number of eases tests were repeatedly made at fixed sites to determine if repeated
exposures produced reactions. Patches were usually left for from 48 to 72 hours.
As a rule a period of another 48 hours was permitted to elapse and the patient
examined for delayed reactions.
The tests were made on dry and sweaty skin and the material was applied
directly to the skin in dry or liquid form as supplied. In several instances the
sites were exposed to ultraviolet light. No photosensitizing reactions were
observed. The occasional mild erythematous reactions faded in a few hours and
were not followed by dermatitis or pigmentation.
When lacquers and solvents were applied the patients complained of immediate
burning and smarting sensations which disappeared within 30 minutes and were
not present on the removal of patches. The employment of various vehicles,
previous cleansing of the skin, slight traumatizing of the test sites did not in-
fluence reactions.
DISCIJSSION
In no instances were vesicular or papular reactions noted from the materials
used.
The dyes gave frequent erythematous reactions, but no vesiculation. In
many instances mild or marked erythema or hyperemia was noticed immediately
after the removal of patches and attributed to the effects of pressure or to the
mechanical action of cleansing with benzine or carbon tetrachloride, because of
their rapid disappearance.
COMMENT
In our material there was a marked preponderance of negative
patch tests to nail lacquers and their ingredients. The occasional
positive reactions obtained were mild and never vesicular.
It is to be noted that the occasional or 1 + reactions ob-
tained were in the group of dyes. However, the same dyes in-
corporated in the lacquers gave negative reactions.
NAIL LACQUERS TESTED BY THE MODIFIED REDDISH CUP METHOD
A series of tests based on the Reddish Cup Method were made
to determine whether nail enamels support or inhibit bacterial
growth.
Two series of tests were made. In the first series a colorless lacquer showed a
4 to 5mm. zone of inhibition. The composite lacquer showed a zone of inhibition
between 9 to 11 mm.
In the second series 26 shades of nail lacquer were tested. The results ob-
tained showed a mean average zone of inhibition of from 6.9 to 10.1 mm.
It is of interest to learn that nail lacquers are about equal as inhibitors of
bacterial growth to 5 per cent phenol and iodoform, as determined by Piccoli
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and Hecht.4 It is, therefore, unlikely that nail lacquers are responsible for
bacterial infections of the nail or periungueal region.
COMMENT
The conclusion is warranted that the nail lacquers studied had
definite bacteriostatic effect.
SUMMARY AND CONCLUSIONS
1. The apparent lack of information in dermatologic literature
regarding nail lacquers and their ingredients is stressed.
2. The complex nature of nail lacquers is clearly demonstrated
by the analysis of the individual components and the chemical
structures of the incorporated dyes.
3. The peroral investigation of the toxicity of a composite
lacquer and a brilliant green lacquer used in these experiments
show that these substances are definitely non-toxic when fed to
young albino rats at the test levels.
4. Attempts to sensitize guinea pigs to a composite nail lacquer
and various concentrations of brilliant green dye by means of
intradermal injections and topical applications proved uniformly
negative.
5. Over 5000 patch tests performed on human subjects with
the nail lacquers and their ingredients such as solvents, dyes,
transparent nail lacquers, plasticizers and perfume failed to
show sensitivity to the finished nail enamels in the group
of subjects included in the present study. The mild reactions
(± or 1+) obtained with the dyes and the uniformly negative
reactions obtained with the finished nail enamels in which these
dyes are incorporated, seem to suggest that dyes enmeshed in
lacquers become relatively innocuous.
6. The tests with the modified Reddish Cup Method on 26
shades of lacquer, clear lacquer base, brilliant green lacquer and
composite lacquer show that these substances are definitely
bacteriostatic.
We are indebted to Ansbacher-Siegle of Staten Island, N. Y.
and Pylam Products Corp. of N. Y., color manufacturers, for their
cooperation.
Piccoli and Hecht: J. A. Ph. A., 28: 157 (March) 1939.
